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SUMMARY 

Wind-tunnel studies w e r e  conducted to determine  the  effect of leading- 
edge sweepback on the lift, drag,  and pitching-moment characterist ics of 
3-percent-thick wings of aspect  ratio 3 and taper r a t i o  0.4. Data f o r  a 
wlng with 45.0' sweepback, t e s t ed   i n  combination with a high-fineness-ratio 
body, are  presented f o r  angles of attack from -6O t o  +1p at  Mach numbers 
from 0.61 t o  0.93 and 1.20 to 1.9 a t  Reynolds  nunbers of 2.5 and 3.8 
million. Comparisons are made between these data and the results for wings 
wtth 19.l0 and 53.1° sweepback reported Fn NACA RM's A53A30 and A5b20, 
respectively. 

Increasing  the  leading-edge sweepback of the wings decreased  both  the 
l if t-curve slope and the  variation of s ta t ic   longi tudinal   s tabi l i ty  at zero 
l i f t  with Mach number. In general, the Cirag Eoeffictent a t  zero lift was 
decreased with increasing sweepback a t  supersonic speeds. 

Aa part  of a program devoted t o  the  investigation of  low-aspect-ratio 
wings, studies have  been made in the Ames 6- by 6-foot supersonic wind 
tunnel t o  determine  the  effect of various amounts of leading-edge  sweep-. 
back on the lift, drag, and pitchingmoment of thin wings of aspect   ra t io  
3 and taper r a t i o  0.4. This paper presents  the  results of t e s t s  of a wing 
wi th  45.0' sweepback and compares these  results  with  those for an unswept 
wing and f o r  a wing dth 53.1O sweepback, published  previously i n  refer- 
ences 1 and 2, respectively. Similax studies hkve been made i n  the Ames 
2- by 2-foot  transonic wind tunnel and have  been reported Fn reference 3.  
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A aspect  ratio 

- - - ._ " ". _" 

NOTATION 

b wing span 

C local wing chord 

E mean  aerodynamic  chord, 
" 

CD drag coefficient , dlra@; qs 

CL lift  coefficient , - lift 
qs 

Cm pitching-moment  caefficlent.measured about the quarter  point 
of the  mean  aerodynamic  chord, pitchinR moment qSE (iL maximum 1~t-dra.g ratio 

M free-stream  Mach m b e r  

q free-stream  dynamic  pressure 

R Reynolds  number  based on the mean aerodynamic  chord 

S wing area,  including  area formed by extending  the  leading and 
trailing edges to the  plane of symmetry 

Y distance  perpendicular  to  the  plane of symmetry 

a% 
dCL 
- slope of pitching-moment  curtre  at zero Wt . . 

a angle of attack of body axis, deg 

A angle of leading-edge  sweepback,  deg 

. " 

. 
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APPARATUS AlpD MODEL 

The investigation was performed i n  the h e s  6- by  6-foot  supersonic 
wind tunnel. This wind-tunnel, which is of a closed-section,  variable- 
pressure  type, i s  described i n  reference 4. It can be operated a t  Mach 
numbers varying from 0.60 to tha t  for "choking" and from 1.20 t o  1.93. 
Model  wing-body combinations are sting-mounted i n   t h e  wind tunnel, and the 
a e r o d m i c  Yorces  and moments are measured with an  internal   e lectr ical  
s train-gage  balance. 

The model f o r  the present tests u t i l i zed  a 3-percent-thick wing of 
aspect r a t io  3 and t a p e r  r a t i o  0.4. Leading-edge sweepback was 45 .Oo . 
A dimensional  sketch of t h i s  model, together  with  sketches of the  other 
models used i n  studying the effect of sweepback, i s  shown In figure 1. 
The profile  used w&s biconvex with an e l l i p t i c a l  nose. Coordinates of the 
a i r f o i l  are presented i n   t a b l e  I. The wfng wa8 constructed of steel and 
was tes ted tn combination w i t h  a Sears-Haack body. The equation of that 
body is  included i n  f-igure 1. 

TESTS AKD PROCEDURES 

For the wing-body combination employing the wing wlth 45.0° sweepback, 
l i f t ,  drag,  and  pitching moment were measured throughout an angle-of-attack 
range  from -6O to  a maximum of +1? st Mach numbers of 0.61 t o  0.93 and 

lion, based on the mean aerodynamic chord of the wing. Because of wind- 
tunnel power limitations, the maximum Mach number of the tests a t  the 
higher Reynolds number was 1.60. 

I 

- I.2O'to 1.9. Data w e r e  obtained at Reynolds numbers of 2.5 and 3.8 m i l -  

FKEDUCTIOB OF DATA 

Data presented in th i s   repor t  have  been  reduced to  NkCA coefficient 
form. The data have been corrected to account for  the  differences known 
t o  exist between measurements made in the wind tunnel and i n  a free-air 
stream. The corrections, which were applted in accordance with the  pro- 
cedures  used in reference 5 ,  account f o r  the following  factors: 

1. The change in Mach  number a t  subsonic speeds result ing from the 
constriction of the flow by the wfnd-tunnel walls. 

* 2. The induced effects of the wind-tunnel walls at subsonic  speeds 
result ing from lift on %e model. 
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3. The  inclination af the  air  stream in the wind tunnel.  This  cor- 
rection was of the  order of -O.l3O and -O.lOo at  subsonic  and  supersonic 
speeds,  respectively.  Although  sufficient data were  not  available to per- 
mit  the  application of such a correction  to  the data for  the  unswept wlng 
of reference 1, the  stream  inclination  for  that model should  be of the  same 
order as f o r  the  present  model.  Thus, at a lift  coefficient of 0.5 the 
correction to the  drag  coefficient  would  be  about -0.0010. 

& 

4. The effect-on the  drag  measurements  due  to  the  longitudinal  varia- 
tion of static  pressure in the  test  section. 

5. The  effect of support  interference on the  pressure  at  the  base of 
the  model.  Ilhe  base  pressure WELB measured  and  the drag was adjusted  to 
correspond to that  drag f o r  which  the  base  pressure  would  be  equal  to  the 
free-stream  pressure. 

Result6  obtained for three  wtng-body  combinations, having taper  ratio 
of 0.4 and  thickness-chard  ratio of 0.03, have  been  used to study  the 
effect of leadifig-edge  sweepback on lift, drag, and  pitching  moment.  The 
geometric  variables of the wings, sketches  of  which  are  presented in fig- 
ure 1, are  tabulated below. 

.. 

.. 

P r o f i l e  

Although  two  different  aiifoils  were  utilized,  the ?Kff erencee  were s& , 
8s  shown in  figure 2. It I s  believed  that  these  differences  did not 
obscure  the  effect of a variation of leading-edge  sweepback. 

- _ "  

Lift, drag, and  pitching-moment data for  the WLng Wth 45.0° sweep- 
back of the  leading  edge are presented in table II for all t e s t  conditions. 
Similarly tabulated  data  for  the  unswep-t wlng and  the wing wlth 53.1' 
sweepback  can  be  found  in  references 1 and 2, respectively. A portion of 
the  basic  data  for  the wing with 45.0° sweepback  is  shown in figure 3 .  An 
increase In  Reynolds  inmiler from 2.5 to 3.8 million had 110 significant 
effect on the  lift,  drag, or pitching-?noment  characteristics. 

The  effect  of  leading-edge  sweepback uill be  Fllustrated  with  results I 

for  the  highest  Reynolds  numbers  at  which data could  be  obtainea  throughout 
the  entire  range of Mach numbers. c 
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L i f t  

5 

The effect of sweepback on the  variation of the  l if t-curve slope at  
zero l i f t  with Mach  number is shown in figure 4. Increasing  the angle of  
'sweepback resulted i n  a reduction of the experimental  lift-curve slopes at  
subsonic  and  supersonic  speeds. The theoretical  slopes for   the  wing  alone 
were obtained from references 6 ,  7, and 8; wing-body interference =E 
accountea for by the method of reference 9. The variation of l i f t  coef - 
ficient  with angle of attack is presented in figure 5 f o r  the three wings. 
A t  a Mach  number of 0.6 an increase In maximum lift coefficient with 
increasing sweepback i s  clearly indicated. 

Pitching Moment 

The ef fec t  of sweepback on the  variation of the static  longitudinal 
s tabi l i ty   der ivat ive dc,/dCL, measured at zero Ut, with Mach  number is  
shown i n  figure 6. Increasing  the sweepback decreased  the  over-all  center- 
o f - l i f t   t r a v e l  WLth Mach number. This  effect was shown to  be most signif'i- 
cant when sweepback wa6 increased from 19 .lo to 45 .Oo . 

A l l  of the Wngs had  nonlinear  variations of pitchinglnoment  coeffi- 
cient  with lift coefficient a t  subsonic speeds, as iU.ustrated in figure 7. 
In   the  Mach  number range from 0.60 t o  0.91 abrupt changes in  the  pitching- 
moment b o e f f  icient  generslly  occurred  for the models wlth 19 .lo and 53 .lo 
sweepback at lift coefficients well below the maximum lift coefficient. 
For the w i n g  with 45 .Oo sweepback, however, more moaerate  changes  occurred 

interesting t o  note that   the  lift coefficient a t  which the pitching-moment 
coefficient of the trlng with 19 .lo sweepback increased  abruptly was greatly 
reduced when Mach  number w a s  increased from 0 -81 t o  0 -91. 

, below a lift coeff  iclent of ,O .8 a t  Mach numbers of 0.61 and 0.81. It is 

The effect 09 sweepback on the  variation of drag coefficient  with 
Mach  number i s  presented in  figure 8 for-several  lift coefficients. I n  
general, as sweepback was increased, the drag  coefficients  increased at 
subsonic  speeds  and  decreased a t  supersonic  speeds. The ef fec t  of sweep- 
back an the drag  coefficient at zero lift, however, .was small at subsonic 
speeds. 

Comparison of the drag coefficients a t  lift coefficients  other  than 
zero with  those a t  zero l i f t  shows that, when sweepback was increased,  the 
drag due t o  lift was increased a t  subsonic speeds. An increase  in  sweep- 
back from 19 ,lo t o  45 .Oo resulted i n  a smaller increase i n  drag due to  
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. 
lift than  did  an  increase in  sweepback from 45.0° to 53 .lo, except a t  the 
higher Uf.t cslefficients a t  Mach numbers greater than 0.7. At supersonic 
speeds an increase  in--sweepback from 19.1' to 43.0' reduced the  drag due 
to  l i f t ,  while an  increase from 45.0~ to 53 .lo resulted  in  an  Increase in 
drag due t o  lift. Thus, sweepback of the  order of 45.0° provided a large 
portion of the  benefits of sweepback a t  supersonic  speeds  without  large 
penalties a t  subsonic  speeds. 

2 

me max~mum I w t - e a g   r a t i o  and rang& parmeter M(L/D),= are pre- 
sented as a function of Mach  number i n  figure 9.  Increasing sweepback 
decreased  the maximum l i f t -drag  ra t ios  a t  Mach  number6 from 0.60 t o  0.85 
and increased them a t  Mach numbers from 1.20 to 1.90, as shown in fig- 
ure g(a) .  The gain  in  range  obtained a t  supersonic speeds as a result of 
increased sweepback is i l l u s t r a t ed   i n  figure g(b) . 

Although the  effects of leading-edge sweepback on l i f t  and pitching 
moment  shown herein  are similar to those  reported i n  reference 3, differ- 
ences will be  noted between the  effects of sweepback on the drag charac- 
teristics as shown in   t he  tm papers. This results  primarily from a d i f -  
ference i n  the minimum drag coefficients of the unswept wings of the twu 
investigations. The unswept wing use& i n  the investigation  reported I n  
reference 3 had a biconvex a i r fo i l ,  while the  unswepf-wing of the  present 
tests had a biconvex a i r f o i l  wtth  an e l l i p t i c a l  nose section.  Studiee 
devoted to changes i n  profile  (ref.  1) have shown that,  for the unswept 
wing, addition of an e l l i p t i c a l  nose section  to  the  biconvex  airfoil 
r e su l t s   i n  a reduction of the m i n i m u m  drag  coefficient a t  subsonic Mach 
numbers and an  increase a t  Mach numbers greater  than 1.2. Therefore, i n  
order  to minimize the  effect  of profile  differences,  data for the umwept I 

wing having a biconvex a i r f o i l  wfth an e U p t i c a l  nose section (ref. 1) 
were used in  the  present  study. " 

" 

.. 

" 

- 

Wind-tunnel studies of three wings of aspect  ratio 3 and taper r a t io  
0.4 showed tha t  an increase In leading-edge sweepback had the followlng 
effects  on the lift, drag, and pitchinglnament  characteristics: 

1. Lift-curve. slope a t  zero lift was decreased a t  both subsonic and 
supersonic  speeds.  Results a t  a Mach  number of  0.6 indicated a eubstantial - 

increase i n  the maximum l i f t  coefficient. 

2. The variation of stat ic   longi tudinal   s tabi l i ty   (a t  zero lift) with 
Mach  number was decreased. 

0 

3. The drag coefficient a t  zero lift was, i n  general,  reduced at 
supersonic  speeds. The maximum l i f t -drag  ra t ios  were decreased a t  Mach .I 

numbers from 0.60 t o  0.85 aitd increased a t  Mach numbers from 1.20 to 1.9. 
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Results  presented  for  the wing with 45.0° sweepback  showed  that an 
increase in Reynolds number from 2.5 to 3.8 million  had no significant 
effect on the lift, drag, or pitching-moment  characteristics. 
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TABLE r.- C O O R D ~ T E S  OF BICONVM AIRFOIL WITH ELLIFTICAL MOSE SECTION 
" 

[All coordinates for sections parallel t o  the plane of symmetry] 

Station, 
percent c 

O.75 - 
1.25 
2 0 5 0  

5 .oo 
7.50 

10 .oo 
15 
20 
25 
30 
40 
50 
60 
70 
80 
85 
90 
95 
100 

Ordinate, 
percent c 

O 0259 
333 .468 
653 
790 
-900 
1 . o n  
1.200 
1.300 
1 375 
1.469 
3 . * 5 0 0  

1.440 
1.260 

960 
765 
540 

,285 
0 
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TABLE 11. - AERODYNAMIC CHARACWISnCS OF 45.0° SblEPT WING OF ASPECT RATIO 
3 A&D 'PAPER R A T I O  0.4 HAVING A 3 - p W C m - T K I C K  BICONVEX AIRFOIL WITH 
ELLIFTICAL NOSE S E C T I O N  

(a) R = 2.5 million 

I L L 4 
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TABLE 11. - AERODymAMIC  CENRACTEBISTICS OF 45. Oo SWEPT 'WING OF ASPECT RATIO 
3 AKO TAPER KclTIO 0.4 HAVING A 3-PEBCEI?T-THICK BICONVEX A I f l F O I L  WITB 
ELLIPTICAL NOSE SECTION - Cancluded 

(b) R = 3.8 mill ion 

a 

-5-n 
-4.a 
-3.u 
-2.38 
-1 .& 
-.v - .43 . oa 
.4l 
.sa 

2 -09 

4 . 3  
3 .w 
5.43 
6  -55 
8.77 
-0 -93 
-3 .OB 
t4.83 

5-87 
-4.75 
-3 .sa 
-2.44 
-1.31 
-.73 
-.45 
.09 
.43 

1.01 
2.15 
3 -29 
4.44 
5.60 
6-73 
8 *m 
.o -26 

-6.02 
-5 .oo 
-3.66 
.2 .kg 
'1.33 -.75 
-.45 

-09 .u 
1.03 

3.36 
4.55 

6.86 
5.72 

2.19 

43.362 - 285 - .214 - .146 - .O* - .044 - .028 
-001 
.023 
.057 .m 
.I99 
.ET;? 
.352 

.5* 

.430 

,676 .m 
.836 

- ,414 - . x 7  - .242 - .163 - .084 - .Ob7 - .02g 

.028 .m3 

.064 

.146 .228 

.3= 

.407 .4a8 
,605 
. a 3  

- .495 - .389 - .277 - .l82 - .094 - . o p  - . o p  
.005 . 0 3  
.OE 
.I65 .& 
.373 
.4* .560 

c, 
0 -010 .a% 
.a04 
-002 

0 
0 
0 
3 
D - .001 
-.m3 - .006 
-.me - -013 - .017 - .017 - .015 - .019 - .023 

,021 
. a 3  .oa8 
.m5 
.002 

3 
3 - .001 - .001 -.OM - .a06 - .010 - . O U  - .024 - -029 - .028 - .038 
.054 
.032 
.OX 
.m9 
.004 
.001 

3 - .001 - .m2 - .004 - .011 - ,018 - -035 -.m -.om 

PI 

0.93 

1.20 

1.30 

T 

" 

1 -  

I .  

I 

L 

- 
a 

-6.01 
-4 .e 
-3  -67 
-2 .s  
-1.34 

- .46 -.E 
.10 
.45 

1.04 
2 -20 
3.38 
4.55 

-5  .61 

-3 -51 
-2.30 
.1.20 - .65 - .36 

.16 

.42 

.% 
2.08 
3.18 
4.29 
5.39 
6 .W 

4.51 

t5 -60 
,4 -47 
,3.38 
,2 .a 
.l.lg - .64 - .35 .l2 

.4;L 

.97 
2.07 
3.16 
4 .e 
5.35 
6.44 
8 .00 

CL 

!:E 
-.a - .19: - .O$ 
- .054 - ,032 

.WS 
-03: 
.07e 
.IF 
*2m 
.3* 

- .kx 
-.3x 
-.237 - .I9 - .083 - .04€ - .02€ 
.m7 .w 
.067 
.14h 
.m 
,304 
.3% 
.4n  

- .354 - -285 - .2Ll 
-1.42 
-.O@ - .040 - ,022 
.005 .028 .c%2 
,133 

,274 
.=3 

,416 
.347 

.5u3 

C D C ,  

1.0558 0.064 
.OS* 

.om? 
.013  .0147 
.024 .0234 
.Ob5 

-.Ok .0315 
-.028 .Mol 
"013 .o@ 
-.a06 .cas -.003 . m 7  
-.002 .ma6 
0 .cQ8fi .a .0089 

,005 

.Ob90 

.0363 
,080 

-.On .Oh33 
- .057 .0319 
-.Oh0 -0237 
-.G26 .a184 
- . o u  .Ol+ 
-.005  -0145 
-.m -0144 
.005 . o w  
.009  .0147 
.015 .ol% 
.029  .0197 
.ou .0268 .& 

.om -.w7 

.Oh67 

.Ob1 .W65 
-057 -03% 
-074 

.0204 

-.1n . o m  
- . a 9  .0548 
-.OR .ob1 
-.055 .O320 
-.040 .a245 
-.& .0194 
-.OE .0163 
-.006 .0155 
-.002 ,0154 
.004 .oyi3 
,007 . o m  
.013 -0167 
.027 

- 
a 

-5.53 
-4.44 
-3.35 
-2.27 
-1 .lB - .63 
- -35 

.12 

.41 

.97 
2.06 
3-11) 
4.23 
5.32 
6.40 
8-% 

-5.50 
-4.42 
-3.34 
-2.16 
-1.18 - .63 
-.35 
-12 
-41 
.96 

2.05 

4.20 
3 .I3 

6.36 
5 -29 

8.51 

:?:$ 
-3.39 
-2.25 
-1.17 - .62 - .35 
.E 
.40 
.96 

2.03 
3.11 
4.18 
5 -25 
6.33 
8.46 
9 .* - 

0.M - 2 6 1  - -194 
-.& - .132 
- .09 - ,021 
.006 
.026 
.Oga 
.E4 
.a7 
.252 
.3la 
-38a 
-501 

-.w - .241 - .Is1 - .E3  - .063 
-*033 - .01g 
.006 
-023 
-054 
-116 
-175 
e233 
-294 
. 3 2  
.463 

- .280 - .226 - .1n - .117 - .061 - -033 - .018 
-007 
.023 

.I.& .051 

.162 

.=7 

.328 

.212 

. 4 P  
,497 - 

I .044g 
.03& 
.02% 
. o m  
.0m1 

.0154 
-01% 
.OLW 
-0153 
.01a 
. O l B  
.0243 
. O m  
. O W  
.0522 
.&9 

.0h9 

.0324 

.02M 
,0194 
-0159 
.01p 
.0146 
-0147 
.0149 
-0155 
.0m4 
-0233 
.0w1 
-03% 
.Ob* 
.Om 

.0h0 

.02& 
m0317 

.0187 

.01y 
,0144 
.01h 
. O l h  
-0141 
.014 7 
.0177 
. m 5  .0291 
-0373 
.0b77 
. O W  
-0931 - 

- 
c, 

3 .om 
,053 
* 039 
-026 
.au 
.a34 
.m7 

- ,002 - .a% 
-.ole - .M5 
-.os 
- .053 - .c%8 - ,083 - .u 

- 

.064 
-051 
-037 
.025 . 012 
.a36 
.003 -.ax! - .005 - .OU - ,024 

- .037 
-.OW 
-&b -.on - .lo3 

.OGl 

.048 

.036 

.m4 

.a% 

.004 - .002 
- .w - .Oll - .023 
-035' - .Ob7 
0.59 . .oiT 

- .m 
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r ~ r . [ l - ( t - ~ ) * ] %  

Maximum raiiu8, r.= 2.38 
Length for closure, I II 59.50 

10 

All dimensions In inches  unless otherwise noted 

Flgure 1.- Dlmenslonal aketches of models. 
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Figure 2.- Comparison of thickness  diatributions f o r  an WCA 0003-63 a i r f o i l  and a biconvex 
a i r f o l l w l t h  an e l l l p t l c a l  nose section. 
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Figure 3.- Aerodynamic characteristics of a wing-body combination employing a wing of aspect 
ratio 3 with 43.0° sweepback of the leading edge and a taper ratio 0.4. 
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Figure 3.- Concluded. 
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Figure 4.- Wf'ect o f  leading-edge sweepback on the  variation with Mach number of the  theoretical  

and experimental  lift-curve  slopes a t  zero lift. 
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Figure 5.- Variat ion of lift coe f f i c i en t  with angle of a t tack  f o r  wings 
having 1-9 .lo, 45 .Oo , and 53. lo sweepback of the leading edge. 
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Figure 8.- Effect of leading-edge sweepback on the variat ion with Mach 
number of the drag coefficient measured at varioue 1ift.coefficients. 
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Figure 9.- EYYect o f  leading-edge sweepback on the variation with Mach number of the mBlclmum 
lift-drag ratio and the range parameter M(L/D),. 
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FLgure 9.- Concluded 
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